Previous studies have shown a strong correspondence between long bone bilateral asymmetry and reported handedness. Here, we compare the pattern of asymmetry in mechanical properties of the humerus and second metacarpal of Pan troglodytes, recent British industrial and medieval populations, and a broad range of human hunter-gatherers, to test whether technological variation corresponds with lateralization in bone function. The results suggest that P. troglodytes are left-lateralized in the morphology of the humerus and right-lateralized in the second metacarpal, while all human populations are predominantly right-biased in the morphology of these bones. Among human populations, the second metacarpals of 63% of hunter-gatherers show right-hand bias, a frequency similar to that found among chimpanzees. In contrast, the medieval and recent British populations show over 80% right-lateralization in the second metacarpal. The proportion of individuals displaying right-directional asymmetry is less than the expected 90% among all human groups. The variation observed suggests that the human pattern of right-biased asymmetry developed in a mosaic manner throughout human history, perhaps in response to technological development. Keywords: laterality; foragers; technology A majority of humans display a right upper limb bias or use the right hand instead of the left to complete most unimanual tasks. [1] [2] [3] Handedness is considered unique to Homo sapiens 4-8 as it has yet to be identified with certainty in any other species, including nonhuman primates.
A majority of humans display a right upper limb bias or use the right hand instead of the left to complete most unimanual tasks. [1] [2] [3] Handedness is considered unique to Homo sapiens [4] [5] [6] [7] [8] as it has yet to be identified with certainty in any other species, including nonhuman primates. [9] [10] [11] Inferences of long-term behavior and activity patterns (particularly for past peoples) can be investigated through patterns of skeletal asymmetry, 12 based upon functional adaptation of cortical bone to mechanical loading during life. [12] [13] [14] In this study, humeral and second metacarpal rigidity in paired upper limb skeletal elements is investigated among chimpanzees (Pan troglodytes), recent British populations, and a globally representative range of human hunter-gatherers, to compare frequencies of rightleft bias in diaphyseal strength and to investigate variation in inferred hand dominance among these groups.
A broad designation of right-or left-hand dominance can be used to make a distinction between phenotypes, although in reality attributions of handedness often fail to fit clear categories. 15, 16 Knowledge of variation in historic and geographic population frequencies can inform us about both proximate (genetic and nongenetic) and ultimate (evolutionary) factors underlying handedness. 17 Evidence of variation and genetic heritability indicates that selection may be driving the maintenance of the handedness polymorphism in human populations, [18] [19] [20] [21] although at present the question of whether handedness is adaptive or a secondary consequence of brain lateralization remains unresolved. Cultural and other environmental influences also have important selective implications. External (nongenetic) factors may influence the strength and direction of selective forces acting on handedness phenotypes, thus influencing genetic variability doi: 10.1111/nyas.12067 and corresponding phenotype frequencies in populations. A comprehensive understanding of variation in the prevalence of handedness phenotypes, both temporally and geographically, is essential for testing evolutionary hypotheses. 22, 23 While human right-handedness is often seen as ubiquitous, it does not appear to be fixed in time and space. McManus 24 suggests that the proportion of left-handers in Western society was around 10% at the end of the 18th century, only to decrease during the 19th century and then rise throughout the first half of the 20th century. 25, 26 In 1871, only 4.25% of Londoners reported that they were lefthanded, 24 less than half of the 10% commonly observed in more recent studies in Europe and North America. [27] [28] [29] [30] In a study of more than one million Americans, left-dominance rose from about 3% in 1910 to about 10% after World War II. 31 Similarly, the frequency of left-handed Australians and New Zealanders increased from 2% in the 19th century to 13 .2% in the years leading up to 1970. 32 While these studies show that the frequency of left-handed individuals is somewhat variable, the proportions in western societies over the past two centuries have remained relatively low, rarely exceeding 10%. 33, 34 There is, however, evidence for a recent trend of increase in the reported frequency of left-handedness among Western populations on account of the relaxation of earlier social stigma. 23 However, survey data from non-Western countries have highlighted more variable frequencies ranging from 2.5 to 26.9%, 1, 3, 25, [34] [35] [36] [37] which are undoubtedly influenced by cultural variation in how handedness is self-identified and methodological differences between studies.
Although studies of handedness frequency are difficult to conduct among traditional societies, data from these groups are essential for constructing a detailed picture of the geography of human laterality. 2, 38 From an evolutionary perspective, it is arguably important to examine the handedness polymorphism in traditional cultures, as it may more closely resemble the phenotypic prevalence in ancestral hominin groups. As many of these populations do not engage in Western educational practices, these data can be used to explore hypotheses that Western cultural and technological factors (e.g., schooling) affect handedness. 38, 39 Faurie et al. 38 reported a range of 3.3-26.9% across four traditional societies, while a left-hander frequency of 0% among the Tucano tribe (Colombia) may be attributed to external influence, as the authors reported distinct cultural pressure to use the right hand in this group. 40 There is considerable evidence that frequencies of handedness are variable between populations and through time, depending upon technology and social factors, despite a universal trend toward right-handedness. Although researchers differ in the degree to which they attribute handedness to culture and genetics, it is widely accepted that both external and internal influences shape the trait phenotypes. [41] [42] [43] Phenotypes (i.e., right and left) may be adaptive or nonadaptive, and natural selection acts on the resultant variation that exists between individuals. 44 It remains difficult to separate genetic and environmental influences on handedness in humans, 43 but Laland et al. 42 have proposed that a gene-culture model (rather than genes or culture alone) could explain right-hand dominance among modern human societies. Socio-cultural factors that have been proposed to influence handedness include social stigma associated with being left-handed, the need to adapt to a world filled with implements designed for righthanders, and the formality of a society's education system. 24, 42, 45 It is possible that an underlying genetic basis for handedness may be amplified and driven to a particular side by such socio-cultural factors throughout the life of an individual. 46 The role of technology in driving lateralization may have a deep evolutionary origin. [47] [48] [49] and Kimura 51 have suggested that habitual manual lateralization arose as an evolutionary consequence of behavioral lateralization associated with tool making and use (but see Westergaard and Suomi 52 ). Observational studies of behavior in both living humans and nonhuman primates have shown that handedness is much stronger for tasks that incorporate tools than for tasks that do not. 2, 53 For example, in a behavioral study G/wi San, Himba and Yanomamö subjects demonstrated weak hand preference for all tasks except those requiring precision grip of a tool. The distinction between tool use and nontool use tasks in these groups serves to highlight the nuanced nature of human handedness, which likely extends from traditional to modernized societies. 2 The performance of complex and habitual manipulative tasks by humans may be associated with observed differences in handedness between H. sapiens and the rest of the apes. 54 A number of researchers have investigated laterality in great ape genera to investigate whether handedness is a derived condition in the hominin lineage. 7, 9, 53, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] There has been considerable debate as to whether great apes demonstrate lateralized behavior at the population or species level. 53, 62, 66, 67 Constraints on handedness imparted by arboreal versus terrestrial activities, 7 locomotor lateralization 68 and low-versus high-level tasks 59 may influence some of the variation in results.
Although tool use and manipulatory tasks evoke strong lateralization relative to other types of activity, 69, 70 McGrew and Marchant 9 have found that this behavior is not consistently manifested beyond the level of the individual in ape populations. In contrast, Hopkins et al. 65, 71 have reported modest (2:1 vs. 9:1 right-handed ratios among modern humans) population-level right bias in chimpanzees, gorillas, and bonobos and left bias in orangutans, which they interpret as evidence that great apes exhibit population level hand preference that differs from humans in degree rather than kind. At present this evidence is based upon the study of captive apes. Future research using different approaches may provide further evidence for population level laterality: the most conservative interpretation at present is that that other great apes do not exhibit consistent, population level handedness. 7, 55, 72 Methodological problems may lie at the center of some of the variation in handedness frequencies reported for different populations and between and within species. Cultural variation in perceptions of handedness may influence some of these results. However, inconsistencies in observation or measurement techniques may be a more significant issue. In particular, some studies specifically investigate handedness during fine motor or gross motor tasks, while others either define tasks differently or fail to specify conditions with sufficient clarity to replicate the work. In this light, it is difficult to interpret the collective evidence for variation in handedness among human populations or between species. Here, we use a commonly employed biomechanical method to measure lateralization among chimpanzees, human hunter-gatherers, and recent British populations to investigate broad patterns of variation using the same method of data collection and the same methodological assumptions.
Bone mechanics and the quantification of handedness
Long-bone diaphyses are the most mechanically sensitive region of the skeleton, and the most reflective of habitual behavior and lateralization 44, 73, 74 due to the functional adaptation of cortical bone. 12 Based on a beam model, the mechanical competence of a bone is estimated via quantification of diaphyseal cross-sectional geometric properties, which are typically measured perpendicular to the long axis of the bone (beam). 75 Using geometric methods, many studies have demonstrated a clear signal of mechanical adaptation throughout the long bone diaphysis. [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] Diaphyseal responsiveness to mechanical stress via change in shape and size is well supported by evidence from laboratory and clinical research, observations of mechanically restrictive bilateral bone pathologies and studies of modern human athletes. 13, 14, [86] [87] [88] [89] [90] An individual's mechanical environment during life (loading behavior) can therefore be inferred from the geometry of skeletal elements, 75, 76, 81, [91] [92] [93] [94] and can be evident in the skeleton even many years after an individual has ceased to repetitively engage in a particular activity. 95 Osteometric studies of bilateral asymmetry using long bone cross-sectional geometry 29 have demonstrated greater robusticity in an individual's dominant upper limb, 90 and have been used to investigate handedness among human athletes 87, 90, 91, 96, 97 and the general public, 90, 98 fossil and archaeological specimens, 5, 29, 73, 87, 88, [99] [100] [101] and nonhuman primates. 10, 102 In terms of the proportion of individuals who show right side dominant directional asymmetry in long bone diaphyses, a study of 992 (924, or 93%, were right-handed) adults from the Baltimore Growth study documented a strong correspondence between second metacarpal cortical thicknesses and self-reported handedness. 98 Auerbach and Ruff 73 reported the highest levels of directional asymmetry in humeral diaphysis average diameters, with an average of 76% showing greater right dimensions than left (79% among men, 70% among women), and higher absolute asymmetry among preindustrial groups. While percent directional asymmetry varies considerably between the groups that constitute the sample, the average values are considerably lower than the (about 90%) right-handed proportions identified from the Baltimore Growth Study data. This suggests that either (1) there are differences in the norm of reaction of bone to mechanical loading at different locations in the skeleton; or (2) there is considerable variation in the proportion of handedness among human populations. Given the variation in levels of handedness noted in other studies of handedness among living people, it is also possible that variation in the self-identification of handedness or other methodological differences between studies have influenced the range of study results. By comparing studies of bone morphology as an indicator of handedness, we can provide at least some level of methodological control. A study of variation in diaphyseal total subperiosteal areas (TA) among P. troglodytes found that 64% had more robust right metacarpals, while a similar proportion (65.5%) had greater robusticity of the left humerus. The authors suggested that postural and manipulatory behaviors, perhaps expressed as a trade-off between support and manipulation, may result in observable morphological variation in the robusticity of skeletal elements within the same limb. 10 While humans may show a pattern of contralateral variation in diaphysis strength from the upper to lower limb, 90 and between the clavicle and humerus, 103 the pattern of contralateral variation in upper limb diaphyseal robusticity among chimpanzees is markedly different than the consistent asymmetry throughout the upper limbs noted among humans. 73 The trends noted above raise issues about the distinction between power and precision, particularly when skeletal data are used to infer hand dominance. Hand dominance is often attributed to individuals based on preference for writing or other fine motor tasks, yet the performance of a range of activities, including those engendering greater loading, must be considered. Although predictions have been made regarding the relationship between strain magnitude and bone modeling, it remains unclear how loads associated with precision (e.g., writing, fine tool manipulation) and power activities (e.g., weight lifting, throwing, hammering) translate to changes in bone morphology. 104, 105 Additionally, the frequency and repetitiveness of precision and power loads likely contribute to bone modeling in distinct ways. 29 Both high-and lowmagnitude strains affect bone tissue organization, as does the history of habitual activity during development and adulthood, 4, 14, 105 suggesting that all aspects of a bone's strain history should be considered when interpreting bone adaptation. 106 Despite some evidence for variation in handedness, reviewed above, a recurring theme across the literature on human handedness is the pervasiveness of the 90% trend. 98, 107 However, the temporal and technological context of variation in handedness is not sufficiently understood, and we know little about variation in prehistory or among populations with different cultural characteristics. Chimpanzees show an unusual pattern of contralateral biomechanical indicators, which stands in contrast to evidence of a near universal trend toward right bias in upper limb skeletal morphometrics among human populations. 73 Furthermore, the early study by Roy et al. 98 suggests that over 90% right-handedness should be expressed in skeletal bilateral asymmetry. The more recent study by Auerbach and Ruff 73 reported lower frequencies of right-handed directional asymmetry (76%) among a number of human societies, but did not address the possible relevance of this trend to understanding handedness or its relationship to cultural and technological factors.
The evidence for variation in the mechanical loading of bones, and possible differences in their norm of reaction to this loading, suggest that there is reason to investigate patterns of bilateral asymmetry throughout the limb and body. A previous study demonstrated a pattern of contralateral dominance in the clavicle and humerus among human populations. 103 The current study tests the simple null hypothesis that humans show a similar pattern of directional asymmetry, with specific emphasis on the humerus and second metacarpal. These bones may be differently involved in precise motor function and general patterns of loading within the limb, and as a result, may show different patterns of directional asymmetry. While the pattern of directional asymmetry in chimpanzee long bone diaphyses reported by Sarringhaus et al. 10 provides evidence for some degree of lateralization of functional loading in chimpanzee limbs, we predict that human populations will show a universal pattern of greater upper limb lateralization. Following the general trends of the literature on observed and self-reported handedness, we expect approximately 90% of humans to show greater diaphyseal strength of the right humerus and second metacarpal, and 
Materials and methods
We compare variation in upper limb long bone diaphyseal morphology among P. troglodytes, using published data from Sarringhaus et al. 10 to unpublished data representing a broad range of hunter-gatherers and both medieval and recent industrial British populations ( Table 1) . The hunter-gatherer remains represent a broad range of foraging populations from different parts of the world, dating to the late Pleistocene, Holocene and recent historic periods. While the hunter-gatherers encompass a broad range of technologies, they all share a basic, common subsistence strategy, and can generally be assumed to have had relatively homogenous patterns of activity within populations. Agricultural subsistence and subsequent industrialization produce greater behavioral heterogeneity within populations, but it is unknown whether this would result in greater homogeneity between populations. Here, we wanted to test a broad model of the relationship between technology and handedness, thus we have pooled hunter-gatherer data. The late recent British skeletal populations include remains from three medieval cemeteries that have been pooled for the purposes of these analyses, as they were not statistically distinguishable, and represented pre-Industrial Revolution populations suspected of having similar activity patterns. The remaining population represents 18th-19th century skeletons from Christ Church, Spitalfields, which dates to the period of the Industrial Revolution. 108 Cross-sectional dimensions of long bone diaphyses were measured at 50% of the length of the second metacarpals, and the mid-distal location of humerus (35% of maximum length among humans, and 40% among the P. troglodytes sample, to take measures at the region of minimal diaphysis circumference and avoid the medial and lateral supracondylar ridges). External diameters were measured to a precision of 0.01 mm using Mitutoyo digimatic calipers. Total subperiosteal area (TA), quantified from silicone molds taken with Coltene President hydrophilic polysiloxane impression material, was used as a measure of diaphyseal size correlated with strength. 83 For a small number of cases where TA was not measured, an alternative measurement was used to determine individual directional bias, the product of maximum and minimum diaphyseal breadths (DProd). Values of DProd show a high level of correlation with TA, 83 and produce comparable percentage directional asymmetry (% DA) values to those calculated from TA. Percentage directional asymmetries for each bilaterally paired set of humeri and second metacarpals were calculated using the following equation: % DA = (right-left)/(average of right and left)×100.
Positive % DA values indicate right-side bias, while negative values indicate an asymmetric bias to the left. As the method standardizes for size differences, it allows for comparisons between elements of different dimensions. Differences in % DA values between P. troglodytes, hunter-gatherers, and medieval and recent British groups were tested using Kruskal-Wallis nonparametric tests, as many of the assumptions of ANOVA are violated by such percentage data. Calculations of % DA from humeral and second metacarpal TA were used to code each individual as either right-biased or left-biased, depending on a positive or negative outcome, respectively. Frequencies of right-and left-biased individuals within each group were then tested for significant deviations from 50% handedness ratios using 2 tests. A previous study using this method demonstrated that equivalent results were achieved when cutoff frequencies of 0%, 0.5% or 1% DA were used to differentiate handedness from fluctuating asymmetry, 73 which can be defined as random minor deviations from perfect symmetry. 109 A simple 0% threshold was used in this study to define right-versus left-biased individuals. As there is no a priori reason to expect sexual dimorphism in the mechanical response of bone to bilaterally asymmetric patterns of mechanical loading, sexes were pooled in analyses. 98 Statistical analyses were undertaken using IBM SPSS Statistics 19.0.
Results
Percent directional asymmetries of the humeral mid-distal and second metacarpal midshaft locations are presented in Figures 1 and 2 . The plots were generated with the hunter-gatherers divided by group to illustrate variation within these populations, however for statistical tests, they were pooled. Mean values of % DA are presented in Table 2 . In the comparison of humeral % DA, a preponderance of negative values (mean = −1.22) are found among the P. troglodytes series, consistent with the left bias identified previously by Sarringhaus et al. 10 The medieval and 18th century series had levels of % DA in the range of 3-5%. While there was considerable variation among the hunter-gatherers, all had positive mean % DA values, demonstrating a universal trend toward right-biased asymmetry among the human populations. These species/population level differences were statistically significant (KruskalWallis; 2 = 66.489; d.f. = 3; P ≤ 0.001). When we consider % DA values for the second metacarpal, we note a minor positive (right-biased) trend among P. troglodytes, and greater directional right bias among the medieval and recent British series. Again there is considerable variation among huntergatherers, but mean % DA among the Andaman Islanders, Yahgan, Kitoi, and Later Stone Age South African series are lower than those found among the recent British populations, leading to a slightly lower average percent asymmetry (4.43 vs. 5.70 and 5.00). Overall, these population level differences in the magnitude of directional asymmetry were not significant (Kruskal-Wallis; 2 = 5.672; d.f. = 3; P = 0.129).
Relative handedness frequencies are presented in Table 2 , as well as the percentage of right-biased individuals within groups and subpopulations. Values are presented for individual hunter-gatherer populations as well as overall means, for which 2 statistics are presented. Figure 3 presents relative proportions of % DA in the mid-distal humeri of the P. troglodytes, hunter-gatherers, medieval and 18th-19th century British groups. The results demonstrate a strong contrast between P. troglodytes, with only 34.5% right bias in the humeral diaphysis area, when compared to the human groups who average around 80% right bias. The 2 tests (Table 2) show that each of these frequencies is significantly different than what would be expected among a nonlateralized population. A comparable plot representing variation in % DA-determined handedness within the second metacarpal is presented in Figure 4 . Here all groups show a trend toward rightbiased directional asymmetry. While no population approaches the 90% that may be predicted based upon recent observational studies, the more recent British groups, representing the medieval and 18th-19th century periods, both show values above 82% directional asymmetry. In contrast to this pattern, the P. troglodytes and hunter-gatherer groups show second metacarpal % DA handedness of 64.4 and 62.5%, respectively. The 2 tests show that all modern human variation differs significantly from neutral predictions, while the frequency of right-lateralized P. troglodytes is near to significance.
The levels of sexual dimorphism in humeral % DA are higher among chimpanzees and huntergatherers than among medieval and 18th century populations ( Table 3 ). The magnitude of sexual dimorphism in average percent directional asymmetry among the medieval or 18th-19th century British groups is nonsignificant and below 0.2% for both groups. Among chimpanzees, males have, on average, 1.4% stronger left humeri than females, but this difference is not significant. Among the huntergatherer groups, males also show greater lateralization, with on average 2.4% greater strength of the right humerus, a result that is statistically significant on account of the magnitude of the difference and the larger sample size. Unfortunately, similar analyses were not possible for the second metacarpals.
Discussion
Biomechanical analyses of variation in the bilateral asymmetry of cross-sectional properties of long-bone diaphyses have several advantages over observational studies, including that they provide a means of looking at long-term aggregate mechanical loading rather than short-term preferential hand use for activities that may not elicit a mechanical response. Skeletal analyses also allow for the investigation of laterality in habitual loading of the limbs in the past and among different species. The above analyses highlight interesting trends in the pattern of bilateral asymmetry among chimpanzees and human populations. A previous study has identified a pattern of contralateral variation in upper limb diaphyseal robusticity among chimpanzees, in which there was left bias in humeral rigidity but right bias in second metacarpal rigidity. 10 Here we demonstrate a pattern of consistent right-limb bias among a range of human populations, which suggests that a consistent trend toward greater frequency of individuals who preferentially load the right limb is a universal human characteristic. This is not surprising given the range of evidence for right dominant lateralization among human populations. Among the medieval and 18th-19th century British populations, the right bias of the humeri and second metacarpals was consistently observed in more than 80% of individuals, suggesting that among these groups different elements of the limb are similarly and preferentially loaded during lateralized activity. A previous study was suggestive of a strong correlation between second metacarpal cross-sectional geometry and hand preference among living Americans, who showed near 90% right hand preference. 98 It is unclear why the percent of right-lateralized individuals sits consistently around 80% for the humeri of the human groups considered here, but this proportion is similar to those reported for humeral dimensions by Auerbach and Ruff. 73 It is possible that among a subset of the individuals sampled, the lateralization of mechanical loading is insufficient to engender significant bone remodeling. It is also possible that this difference represents methodological error resulting from variation in the estimation of mechanical properties, leading to different handedness attribution for some individuals who express low asymmetry. It is also possible that the convergence toward 80% asymmetry in these upper limb elements among different populations represents some true measure of asymmetry in mechanical loading. In this case, variation in reported handedness among living populations may represent sociocultural factors such as social stigma rather than true lateralization of activity or mechanical loading. One of the most interesting results of the current analysis is the evidence for variation in second metacarpal handedness among human populations. The hunter-gatherers showed much lower levels of right-biased directional asymmetry, with only 62.5% identified as right-handed on the basis of second metacarpal diaphyseal cross-sectional properties. This value is very similar to that found among the P. troglodytes series at 64.4%. In contrast, both the medieval and 18th-19th century British groups showed values above 80% rightside bias for second metacarpals, similar to the pattern observed in their humeri and values expected from the literature (80-90% right dominance). The pattern of hunter-gatherer variation can be investigated further through the frequencies found among the smaller subsamples of huntergatherers. These population level values illustrate near equal frequencies of right-and left-biased individuals among the Andaman Islanders and low frequencies of right-biased individuals among the Later Stone Age (Khoesan) of South Africa, the midHolocene Kitoi/Serovo/Glazkovo of Siberia, as well as other groups with somewhat smaller sample sizes. This suggests that one population does not drive the trend among foragers, but rather that lower frequencies of right-biased individuals characterize a range of hunter-gatherer groups.
The trend toward right-biased asymmetry in both the humerus and second metacarpal among a range of human populations suggests that this is a widespread trait among humans. The variation observed in the metacarpal in particular suggests that the magnitude of expression of right bias may be variable among human populations and dependent upon other factors. A number of studies have documented variation in handedness in recent human history in response to cultural or technological factors. 24 The fact that similar values are noted in a range of hunter-gatherers suggests that technological factors may be driving the low proportions of right-directional bias in metacarpal morphology. More specifically, more recent proliferation of technologies that promote lateralization of the user (such as some hand tools, industrial machinery, sewing machines, military equipment, musical instruments) may have increased the proportion of right-handed individuals, identifiable through such biomechanical estimates. It also suggests that the human pattern of right-biased asymmetry developed in a mosaic manner throughout human history, and in response to technological development rather than as a simple correlate of brain lateralization.
This paper provides some preliminary evidence for higher levels of sexual dimorphism in bilateral asymmetry among chimpanzees and human hunter-gatherers. The reduced levels of asymmetry noted among the medieval and more recent British samples suggest that some of the long-term trends in bilateral asymmetry may be the result of reduced sexual dimorphism in patterns of habitual mechanical loading associated with technological change. This trend deserves further investigation.
Behaviors and associated skeletal morphology are extremely variable between individuals and within populations, and the relationship between internal (biological) and external (cultural) factors is highly complex. Skeletal tissue is sensitive to various forms of external stimuli, and therefore provides a detailed biological account of an individual's interaction with the environment. 109 Further research will be required to test the extent of correspondence between handedness and bone morphology among living individuals, to explore whether a frequency of 80% right-biased individuals truly reflects an 80% frequency of right-handed individuals. A recent study of this nature has demonstrated a strong correspondence (around 90%) between humeral robusticity and reported handedness. 90 This suggests that the frequencies observed in this study may be a reasonable reflection of handedness in past populations and that the similarities and differences observed among the groups considered here are reflective of differences in the lateralization of activity during life. The results of this study should be viewed as preliminary, given the sample sizes of some of the groups studied. Future research should provide a more systematic investigation of variation in human limb asymmetry associated with cultural and behavioral factors. Such work will be required to consider how handedness changed with cultural and subsistence shifts from hunting and gathering to other subsistence systems, and with technological change throughout the Holocene and in recent historic periods.
